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GLUHFWLRQ
/DWWLFH 2ULHQWDWLRQ <RXQJ¶VPRGXOXV>03D@ <LHOGVWUHQJWK
>03D@
)LUVWSHDNFRPSUHVVLYH
VWUHQJWK>03D@
&XELFGLDPRQG Fĵ]   
Fצ]   
7HWUDJRQDOGLDPRQG Fĵ]   
Fצ]   
)LJ   ([DPSOH HQJLQHHULQJ VWUHVVVWUDLQ FXUYHV SURGXFHG IURP
FRPSUHVVLRQWHVWGDWDRIWHWUDJRQDOODWWLFHVWHVWHGIRUSURFHVVLQJLQWKH
RULHQWDWLRQVZLWKFDOLJQHGZLWK[DQG]
FRQVLVWHQWSURSHUWLHVLQPHWDOOLFODWWLFHV>@ZLWKXQLWFHOOVL]H
RIPPDQGVWUXWVQRPLQDOO\PPLQGLDPHWHU
6DPSOHV ZHUH PHFKDQLFDOO\ WHVWHG LQ FRPSUHVVLRQ RQ D
=ZLFN 5RHOO = WHVW ULJ ZLWK D  N1 ORDG FHOO XQGHU D
GLVSODFHPHQWFRQWUROOHGUHJLPHHQVXULQJDQLQLWLDOVWUDLQUDWH
RIVXQWLOWKHORDGZDVVHHQWRFRQVLVWHQWO\IDOOLGHQWLILHG
ZLWKWKHILUVWFROODSVHRIDOD\HULQWKHVWUXFWXUH'LVSODFHPHQW
ZDV PHDVXUHG ZLWK D =ZLFN 5RHOO 9LGHR;WHQV YLGHR
H[WHQVRPHWHUZLWKDGDWDFDSWXUHUDWHRIIUDPHVSHUVHFRQG
,Q DOO FDVHV VDPSOHV ZHUH FRPSUHVVHG DORQJ WKH FD[LV
GLUHFWLRQZKLFKHYHURULHQWDWLRQWKLVKDGLQWKHEXLOG
5HVXOWVDQG'LVFXVVLRQ
([DPSOH FRPSUHVVLYH VWUHVVVWUDLQ FXUYHV RI WKH WHVWHG
ODWWLFHV )LJ  DQG WKH GDWD H[WUDFWHG 7DEOH  VKRZ WKDW
ORDGLQJ RULHQWDWLRQ KDV OLWWOH HIIHFW RQ WKH ODWWLFH VWUXFWXUH
SHUIRUPDQFH
'LUHFWFRPSDULVRQEHWZHHQFXELFDQGWHWUDJRQDOODWWLFHVLV
QRW VWUDLJKWIRUZDUGDV WKHGHQVLW\ LVDOWHUHGE\ WKHGLVWRUWLRQ
SURFHVV DYHUDJH PHDVXUHGSRURVLW\RI WKH IDEULFDWHG ODWWLFHV
ZDVDQGIRUFXELFDQGWHWUDJRQDOUHVSHFWLYHO\
+RZHYHU WKH FKDQJH LQ SURSHUWLHV ZLWK RULHQWDWLRQ FDQ EH
FRPSDUHG DVVHVVLQJ DQLVRWURS\ DFFRUGLQJ WR (TQ  ZLWK DQ
LQGH[GHULYHGIURPWKHVWUXFWXUDOSURSHUWLHV3PHDVXUHGIRU
VDPSOHV EXLOW ZLWK WKH F GLUHFWLRQ SHUSHQGLFXODU ĵ  DQG
SDUDOOHOצWR]
)LJ  ± $QLVRWURS\ LQGLFHV (TQ  FDOFXODWHG KHUH IRU DGGLWLYHO\
PDQXIDFWXUHG ODWWLFHV IURP WKLV ZRUN DQG WKH OLWHUDWXUH +HLQOHW DO
>@:DXWKOHHWDO>@DQG$WDHHHWDO>@
¸¸¹
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33$QLVRWURS\  
)LJVKRZVWKHFDOFXODWHGDQLVRWURS\LQGLFHVREWDLQHGIURP
WKHSUHVHQW UHVHDUFKFRPSDUHGZLWK WKRVHFDOFXODWHGKHUH IRU
WKHGDWDJLYHQE\VLPLODUVWXGLHVLQWKHOLWHUDWXUH
7KHDQLVRWURS\ LVFOHDUO\ ORZIRUPRVWFDVHV LQWKLVZRUN
LQGLFDWLQJQRVLJQLILFDQWV\VWHPDWLFWUHQGIRURQHRULHQWDWLRQWR
SURGXFHVXSHULRUYDOXHV,QGHHGWKHWHWUDJRQDOODWWLFHVKRZV
QRVLJQLILFDQWGLIIHUHQFHWRWKHUHJXODUGLDPRQGODWWLFH:KHQ
WKHWHWUDJRQDOVDPSOHVDUHPDGHZLWKWKHFD[LVSDUDOOHOWRWKH
EXLOGGLUHFWLRQ]WKHVWUXWVDUHDWDORZDQJOHWRWKLVGLUHFWLRQ
 DQG D FRUUHVSRQGLQJO\ KLJK DQJOH WR WKH SODQH RI WKH
OD\HUV7KLVPHDQVWKDWGHSRVLWHGPDWHULDO LVPRVWO\GLUHFWO\
IRUPHGRQWRSRISUHYLRXVO\PHOWHGVROLG:KHQWKHFD[LVRI
WKH VDPSOHV LVSHUSHQGLFXODU WR WKHEXLOGGLUHFWLRQ WKH VWUXWV
DUHDWDKLJKDQJOHWRWKDWGLUHFWLRQO\LQJFORVHUWRWKH
SODQH RI WKH OD\HUV DQG PRUH RI WKH GHSRVLWHG PDWHULDO LV
SRVLWLRQHGRQWRSRIXQPHOWHGSRZGHU7KLVZLOOLQIOXHQFHWKH
IRUPDWLRQRI WKHVWUXWH[WUDFWLRQRIKHDWDQGGHYHORSPHQWRI
WKH PLFURVWUXFWXUH WKH LQIOXHQFH RI VWUXW DQJOH RQ VWUXW
IRUPDWLRQLVGLVFXVVHGLQGHWDLOLQ5HI>@,QFRPSDULVRQ
IRUDUHJXODUGLDPRQGODWWLFHWKHRULHQWDWLRQKDVQRHIIHFWRQ
WKLVDQJOHZLWKVWUXWVEHLQJDW WR WKHEXLOGGLUHFWLRQLQ
HLWKHURULHQWDWLRQ,WZRXOGWKHUHIRUHEHH[SHFWHGWKDWDQ\
 $XWKRUQDPH0HFKDQLFV5HVHDUFK&RPPXQLFDWLRQV± 

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
)LJ±3RODUL]HGOLJKWRSWLFDOPLFURVFRSHLPDJHVRIDD7L$O9FXELFGLDPRQGODWWLFHVWUXFWXUHDQGEDGHQVHEORFNSURGXFHGXQGHUWKHVDPH
FRQGLWLRQVIRUFRPSDULVRQ%RWKVKRZDOLJQPHQWRIPLFURVWUXFWXUDOIHDWXUHVZLWKWKHEXLOGGLUHFWLRQFLQWKHILJXUH
DQLVRWURS\DULVLQJIURPWKHLQWHUDFWLRQRIWKHFKDUDFWHULVWLFVRI
WKH SURFHVVLQJ PHWKRG ZLWK WKH SDUWLFXODU ODWWLFH VWUXFWXUH
ZRXOGEHDPSOLILHGIRUWKHFDVHRIWKHWHWUDJRQDOODWWLFH7KH
IDFW WKDW LW LV QRW DQG WKDW DQLVRWURS\ YDOXHV REVHUYHG LQ DOO
ODWWLFHV WHVWHGKHUHDUHORZ VKRZVQRVLJQLILFDQWRULHQWDWLRQ
EDVHGHIIHFWVLQWKLVSDUWLFXODULQVWDQFH
7KHUHLVQHYHUWKHOHVVLQFRQVLVWHQF\RIILQGLQJVLQWKLVUHJDUG
IRUODWWLFHPDWHULDOVDVVKRZQE\WKHOLWHUDWXUHGDWDLQFOXGHGLQ
)LJ7KHUHVXOWVREWDLQHGLQWKLVZRUNDUHLQDFFRUGDQFHZLWK
WKH UHVXOWV RI :DXWKOH HW DO >@ REWDLQHG IRU WKH 6HOHFWLYH
/DVHU0HOWLQJ6/0PHWKRGRIPDQXIDFWXUH+RZHYHUWKH\
GLVDJUHHZLWKWKHHDUOLHUUHVXOWVRI+HLQOHWDO>@ZKRXVHG
WKHVDPH(%0WHFKQLTXHDVDSSOLHGKHUHDQGIRXQGVLJQLILFDQW
DQLVRWURS\7KLVFRXOGEHGXH WRVHYHUDO IDFWRUVZKLFKPLJKW
OHDG WKH GLIIHUHQW VDPSOH VHWV QRW WR EH FRPSDUDEOH VXFK DV
VKULQNDJH LVVXHV LQ (%0 PDWHULDOV >@ GLIIHUHQW VXUIDFH
ILQLVKHVZKLFKPD\SURYLGHVLWHV IRUIDLOXUHLQLWLDWLRQ>@RU
SRWHQWLDO GLIIHUHQFHV LQ SURFHVVLQJ SDUDPHWHUV D SUHYLRXV
YHUVLRQRIWKHSURFHVVLQJHTXLSPHQWZDVXVHGLQWKH+HLQOHWDO
LQYHVWLJDWLRQ $UFDP 6 IRU H[DPSOH 7KH SUHFLVH
FRQGLWLRQV LQ DGGLWLYH SURFHVVHV KDYH D JUHDW HIIHFW IRUPLQJ
PLFURVWUXFWXUHVXFKDVOHDGLQJWRDVWURQJWH[WXUHLQWKHJURZWK
GLUHFWLRQ >@  $QRWKHU SRWHQWLDO UHDVRQ IRU YDULDQFH LV
LQGLFDWHGE\WKHUHVXOWVRI$WDHHHWDO>@$VVKRZQLQ)LJ
 WKH ZRUN RI $WDHH HW DO RQ (%0SURFHVVHG FXELF J\URLG
ODWWLFHVILQGVVLJQLILFDQWDQLVRWURS\RILQYHUVHVLJQWRWKDWRI
+HLQOHWDOIRUVPDOOHUXQLWFHOOVL]HVGLPLQLVKLQJDVWKHODWWLFH
VL]H LQ LQFUHDVHG  $WDHH HW DO ILQG WKDW WKH TXDOLW\ RI &$'
PRGHOUHSURGXFWLRQLPSURYHVZLWKLQFUHDVLQJXQLWFHOOVL]HLH
DVWKHIHDWXUHVEHLQJSURFHVVHGJHWODUJHUZLWKWKHVPDOOHUVL]H
UDQJHV VKRZLQJ VRPH GLVWRUWLRQ  7KLV DQLVRWURS\ WKHUHIRUH
DULVHV IURPDSURFHVVLQJLQGXFHG VWUXFWXUDO DQLVRWURS\ LQ WKH
VDPSOHVZKHQWKLVLVDEVHQWDVIRUWKHLUPPFHOOVL]HGDWD
WKHODWWLFHVVKRZLVRWURSLFEHKDYLRUZLWKLQH[SHULPHQWDOHUURU
'HVSLWH WKH SRWHQWLDO VRXUFHV RI GLVDJUHHPHQW ZLWK RWKHU
VWXGLHV RQ ODWWLFHV WKH UHVXOWV REWDLQHG LQ WKHVH WHVWV IDFH D
JUHDWHU LQFRQVLVWHQF\FRPSDUHG WRZKDWKDVEHHQHVWDEOLVKHG
IRUGHQVHPHWDOOLFPDWHULDOVSURFHVVHGE\$0PHWKRGVZKHUH
DQLVRWURS\LQVWUXFWXUHDQGSURSHUWLHVLQWKHDVEXLOWFRQGLWLRQ
LV ZHOO NQRZQ VHH >@ IRU H[DPSOHV VSHFLILF WR (%0
)XUWKHUPRUH WKH H[LVWHQFH RI QRQXQLIRUP PLFURVWUXFWXUH LQ
VXFKODWWLFHVKDVEHHQIRXQGSUHYLRXVO\>@VRVRPHGHJUHHRI
RULHQWDWLRQHIIHFWZRXOGSHUKDSVEHH[SHFWHG7KHDEVHQFHRI
WKLV FRXOG EH H[SODLQHG E\ WKH IDFW WKDW LQ D ODWWLFH D PXFK
KLJKHUSURSRUWLRQRIWKHPDWHULDOLVLQDSRVLWLRQZKLFKZLOOEH
LQIOXHQFHGE\WKHVXUIDFHWKDQLQDEXONFRPSRQHQW
7KH VXUIDFH LQ (%0SURFHVVHG 7L$O9 FDQ VKRZ D
GLIIHUHQW PLFURVWUXFWXUH WR WKH UHVW RI WKH PDWHULDO D ³VNLQ´
ZLWKDGHSWKRIaPPW\SLFDOO\ZLWKUHGXFHGJUDLQVL]H
DQG ZHDNHU WH[WXUH GXH WR WKH GLIIHUHQW WKHUPDO FRQGLWLRQV
FDXVHGE\WKHFRQWRXUPRGHRIEHDPPRWLRQXVHGIRUWKHHGJHV
FRPSDUHG WR WKH KDWFK XVHG WR ILOO LQWHULRU VSDFHV DQG
KHWHURJHQHRXVQXFOHDWLRQRIEJUDLQVIURPWKHVXUIDFH>@,Q
WHVWV RQ DQRWKHU PDQXIDFWXULQJ PHWKRG 'LUHFW 0HWDO /DVHU
6LQWHULQJ'0/6RI/VWDLQOHVVVWHHOZDVXVHGWRSURGXFH
VLQJOH VWUXW PHPEHUV RI YDULRXV WKLFNQHVVHV LQFOLQHG DW
GLIIHUHQWDQJOHVWRWKHEXLOGGLUHFWLRQ>@7KLVDOVRVKRZHGD
VNLQ OD\HURI UHGXFHGGHSWK aPP LQGLFDWLQJ WKDW WKLV
FDQEHKLJKO\GHSHQGHQWRQPDWHULDODQGSURFHVVLQJFRQGLWLRQV
6WUXWVKHUHZHUHPPLQGLDPHWHUDQGRSWLFDOPLFURVFRS\
VKRZHG VRPH GLUHFWLRQDO FKDUDFWHU WR WKH PLFURVWUXFWXUH
DOLJQHGZLWKWKHEXLOGGLUHFWLRQ)LJWKHVHREVHUYDWLRQVDUH
FRQVLVWHQWZLWKRWKHUVLPLODUODWWLFHVPDGHE\WKHVDPHPHWKRG
>@6RZKLOHDVNLQHIIHFWPD\UHGXFHWKHDQLVRWURS\RIWKH
PLFURVWUXFWXUHLWLVQRWHOLPLQDWHG7KHUHDVRQIRUWKHDEVHQFH
RIDQREVHUYDEOHHIIHFWRQ WKHPHFKDQLFDOSURSHUWLHV PD\EH
GXHWRWKHPHFKDQLFDOSURSHUWLHVRIWKH7L$O9$VWLWDQLXP
DQGWLWDQLXPDOOR\ODWWLFHVDPSOHVWHQGWRVKRZDOLPLWHGGHJUHH
RISODVWLFLW\RQO\LWPD\EHWKDWWKHEHKDYLRURIWKHVHPDWHULDOV
LVGRPLQDWHGE\EULWWOHGHIHFWGHSHQGHQWIDLOXUHFRQWUROOHGE\
VXUIDFHGHSHQGHQW IHDWXUHV VXFK DV WKH KLJK URXJKQHVV DV
WKHRUL]HGLQ>@$VNLQHIIHFWFRPELQHGZLWKIDLOXUHEHIRUH
 $XWKRUQDPH0HFKDQLFV5HVHDUFK&RPPXQLFDWLRQV± 
WKHUH LV VLJQLILFDQW SODVWLFLW\ PD\ OLPLW YLVLEOH HIIHFWV RI
PLFURVWUXFWXUHDQGWH[WXUHLQVXFKPDWHULDOV
&RQFOXVLRQV
7KHLPSDFWRIEXLOGRULHQWDWLRQRQWKHPHFKDQLFDOSURSHUWLHV
RI$GGLWLYHO\0DQXIDFWXUHG(OHFWURQ%HDP0HOWLQJWLWDQLXP
ODWWLFHVZLWKWKHGLDPRQGVWUXFWXUHXQGHUFRPSUHVVLRQKDVEHHQ
LQYHVWLJDWHGE\WKHPDQXIDFWXUHRIUHODWHGVSHFLPHQVGLVWRUWHG
WR DOWHU WKH V\PPHWU\  &RPSUHVVLRQ WHVWV KDYH UHYHDOHG WKH
HODVWLF PRGXOXV  \LHOG VWUHQJWK DQG ILUVW SHDN
FRPSUHVVLYH VWUHQJWK RI WKH VWUXFWXUHV VKRZLQJ WKDW WKH
GLVWRUWLRQLQFUHDVHVWKHPRGXOXVDORQJWKHVWUHWFKHGGLUHFWLRQ
E\DIDFWRURIPRUHWKDQWKUHHDQGGRXEOHVWKH\LHOGVWUHQJWK
)XUWKHUPRUH FRPSDULVRQ RI WKH UHVXOWV RI VDPSOHV PDGH LQ
GLIIHUHQWRULHQWDWLRQVYLD WKHFDOFXODWLRQRI WKHDQLVRWURS\ LQ
WKHVH SURSHUWLHV VKRZV WKDW EXLOG RULHQWDWLRQ GRHV QRW
FRQWULEXWH WR WKHPHFKDQLFDOSURSHUWLHV LQ WKH VDPHZD\ WKDW
$0VROLGVWUXFWXUHVDUHDIIHFWHG7KLVLVVRPHZKDWDWYDULDQFH
ZLWKVRPHRWKHUVWXGLHVRI ODWWLFHV LQ WKH OLWHUDWXUH WKRXJKLW
DJUHHVZLWKRWKHUV7KHHIIHFWREVHUYHGKHUHPD\VWHPIURPD
KLJKHU SURSRUWLRQ RI WKH PDWHULDO EHLQJ LQIOXHQFHG E\ WKH
VXUIDFHURXJKQHVVFUDFNVRUDVNLQHIIHFWRQPLFURVWUXFWXUH
LQDODWWLFH,QGHHGODWWLFHPDWHULDOVZRXOGDSSHDUWREHDJRRG
ZD\ RI VWXG\LQJ WKH HIIHFWV RI WKH GLIIHUHQFHV FDXVHG E\ WKH
VXUIDFHLQ$GGLWLYHO\0DQXIDFWXUHGSURFHVVHVRIDOOW\SHV
$FNQRZOHGJHPHQWV
610-ZRXOG OLNH WRDFNQRZOHGJH7KH(365&&HQWUH IRU
'RFWRUDO 7UDLQLQJ LQ $GYDQFHG 0HWDOOLF 6\VWHPV >SURMHFW
(3*@ DQG *.1 $HURVSDFH IRU SURYLGLQJ KHU
VWXGHQWVKLS 5* ZRXOG OLNH WR DFNQRZOHGJH D )HOORZVKLS
VXSSRUWHG E\ WKH 5R\DO $FDGHP\ RI (QJLQHHULQJ XQGHU WKH
5$(QJ/HYHUKXOPH 7UXVW 6HQLRU 5HVHDUFK )HOORZVKLSV
VFKHPH7KHDXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH(365&
)XWXUH 0DQXIDFWXULQJ +XE LQ 0DQXIDFWXUH XVLQJ $GYDQFHG
3RZGHU 3URFHVVHV 0$33(33 IRU DFFHVV WR
SURFHVVLQJHTXLSPHQW
5HIHUHQFHV
>@/0XUU6*D\WDQ'5DPLUH](0DUWLQH]-+HUQDQGH].$PDWR3
6KLQGR ) 0HGLQD 5 :LFNHU 0HWDO )DEULFDWLRQ E\ $GGLWLYH
0DQXIDFWXULQJ 8VLQJ /DVHU DQG (OHFWURQ %HDP 0HOWLQJ 7HFKQRORJLHV
-RXUQDORI0DWHULDOV6FLHQFH	7HFKQRORJ\
>@ :( )UD]LHU 0HWDO $GGLWLYH 0DQXIDFWXULQJ $ 5HYLHZ -RXUQDO RI
0DWHULDOV(QJLQHHULQJDQG3HUIRUPDQFH
>@5*RRGDOO$0RUWHQVHQ3RURXV0HWDOVLQ'/DXJKOLQ.+RQR(GV
3K\VLFDO0HWDOOXUJ\WK(GLWLRQ(OVHYLHU$PVWHUGDP1HWKHUODQGV
SS
>@$$PHQGROD(+HUQiQGH]1DYD5*RRGDOO ,7RGG5(6NHOWRQ)
)UDWHUQDOL2QWKHDGGLWLYHPDQXIDFWXULQJSRVWWHQVLRQLQJDQGWHVWLQJRIEL
PDWHULDOWHQVHJULW\VWUXFWXUHV&RPSRVLWH6WUXFWXUHV
>@$$PHQGROD&-6PLWK5*RRGDOO)$XULFFKLR/)HR*%HQ]RQL)
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